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A B S T R A C T
Furadan, a carbamate pesticide is widely used in paddy fields and it has been detected in
ground, surface and rain waters. In this study, fingerlings of Cyprinus carpio were exposed
to different concentrations of furadan ranging from 25 to 50 mg L−1 for 96 h and the acute
toxicity was calculated as 43.651 mg L−1. To assess the effect of furadan, fish were exposed
to two concentrations of furadan (8.730 mg L−1, Treatment I and 4.365 mg L−1, Treatment II)
and certain haematological, biochemical and enzymological parameters were evaluated at
the end of 24, 48, 72 and 96 h exposure periods with a recovery period of 96 h. A significant
(p < 0.05) decrease in haemoglobin (Hb), haematocrit (Hct), red blood cells (RBC), plasma protein
and glutamate oxaloacetate transaminase (GOT) activity in gill, liver and kidney (except at
the end of 96 h in Treatment I) were noted in both the concentrations tested while white
blood cells (WBC) and glucose level were significantly increased after 24, 48, 72 and 96 h
exposure periods when compared to untreated groups. A mixed trend in mean corpuscu-
lar volume (MCV),mean corpuscular haemoglobin (MCH) andmean corpuscular haemoglobin
concentration (MCHC) and glutamate pyruvate transaminase (GPT) activity in gill, liver and
kidney was noted. During the recovery study period (96 h) MCHC and plasma glucose level
was recovered to some extent whereas the other parameters remain altered. The altera-
tions of these parameters can be used to assess the toxic levels of the pesticide furadan
on aquatic biota.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Beni-Suef Uni-
versity. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Pesticides are manmade chemicals and are extensively used
in intensive agricultural production and fish farms to eradi-
cate pests and vector-borne diseases (Bermudez-Saldana et al.,
2005; Enis Yonar et al., 2012; Sharbidre et al., 2011). These pes-
ticides can reach natural waters either via transfer of the
chemicals from the soil or by direct spraying on the target or-
ganisms (Enis Yonar et al., 2012). Besides targeted pests,
pesticides affect a wide range of nontarget organisms, such as
invertebrates and fish inhabiting aquatic environment (Burkepile
et al., 2000; Peter et al., 2013; Saravanan et al., 2011). Among
the pesticides, carbamates (carbofuran, thiodicarb, maneb) are
widely used in developed and developing countries for both
residential and agricultural applications (Hernandez-Moreno
et al., 2011; Saxena et al., 2010; Wilson and Tisdell, 2001).
Furadan, the commercial name of carbofuran, is widely used
to control agricultural pests such as insects, mites and nema-
todes (Alves et al., 2002; Otieno et al., 2010). These pesticides
degraded in the environment through hydrolysis, oxidation and
reduction, as well as by microbial activity (Otieno et al., 2010).
Due to overspray and/or run off in agriculture fields, house-
hold purposes and solubility in water and high mobility in soil,
these pesticides may easily flow out of the fields into rivers,
ponds and lakes (Parkin and Shelton, 1994; Pessoa et al., 2011;
Saglio et al., 1996; Sharma et al., 2015; Wang et al., 2010). Due
to its high mobility in soil and lengthy half-life (50 days), it has
a potential to contaminate adjacent water bodies particu-
larly groundwater after rain events (Plese, 2005). Furadan is
known to be very toxic to non-target species, and based on its
high acute toxicity, its use has been restricted or banned in
many countries (Alves et al., 2002; Bakthavathsalam and Reddy,
1985; Goulart et al., 2015; Otieno et al., 2010). In India, furadan
is widely used by rice and sugarcane farmers and registered
for more than 25 crops.The residues of these insecticides have
been reported in plant, soil and water (Battu et al., 2000; Dixit
and Banerji, 1994; Misra and Agrawal, 1989).
The toxicity of pesticides on aquatic organisms can be
studied by evaluating the changes in the haematological, bio-
chemical and enzymological parameters (Saravanan et al., 2011).
Furthermore, the alteration of these parameters can be used
as health indicators of the aquatic environment and also provide
early warning tools in monitoring environment quality (Pimpao
et al., 2007). Moreover, an understanding on the adaptation and
recovery is an important tool in the field of risk assessment
(Du et al., 2009; Wu et al., 2005). A knowledge on the time of
complete recovery of toxicant treated fish helps to maintain
proper health status of fish and indirectly human (Adhikari
et al., 2004). However, the study on the recovery of pesticide
treated fish on certain parameters is very limited. Fish Cyprinus
carpio is a freshwater teleost, widely cultivated and one of the
major edible fish.Therefore it is necessary to evaluate the tox-
icity of furadan on locally cultivated edible fish species. Hence
the present investigation is aimed to study the toxicity of
furadan on certain haematological, biochemical and
enzymological parameters in a freshwater teleost fish C. carpio.
Moreover, the selected parameters or end points can be used
as biomarkers in environmental monitoring of furadan con-
tamination in aquatic ecosystem.
2. Materials and methods
2.1. Toxicant
The commercial formulations of Furadan (carbofuran 3% G)
were obtained fromM/S FMC India, Pvt., Ltd.,Tamil Nadu, India.
Furadan 3G is a granular formulation that contains 3% pure
furadan.The other chemicals and diagnostic reagent kits were
purchased from standard companies.
2.2. Animals
Fingerlings of Common carp (C. carpio) were obtained fromTamil
Nadu Fisheries Development Corporation Limited,Tamil Nadu,
India and safely transported to the Toxicology Laboratory, De-
partment of Zoology, Bharathiar University in plastic containers
with sufficient air. Fish were acclimatized to the laboratory con-
ditions for twoweeks in a tank (1000 L water) with dechlorinated
water. The water quality parameters were maintained as
follows: temperature (27.2 ± 1.2 °C), pH (7.1 ± 0.08), dissolved
oxygen (6.4 ± 0.04 mg L−1) and total hardness (18.2 ± 0.5 mg L−1,
as CaCO3). The fingerlings were fed twice a day with rice bran
and groundnut oil cake in the form of dough. To maintain a
healthy environment and to minimize the metabolic wastes,
water (three fourths) in the tank was replaced every 24 h.
2.3. Determination of 96 h LC 50
For the determination of 96 h median lethal concentration of
furadan, fish with an average of 8.0 ± 0.6 cm in length and an
average of 11.0 ± 1.5 g in weight were used. Feeding was stopped
24 h before the commencement of the experiment. Stock so-
lution of the furadan was prepared by dissolving 1 g of furadan
in equal parts of acetone (a solvent carrier) and appropriate
quantity of tap water. Fish (n = 20) were exposed to different
concentrations of furadan (25, 30, 35, 40, 45 and 50 mg L−1) in
plastic containers containing 40 L of aquarium water. To each
concentration, three replicates were maintained. Control groups
were also maintained in three tubs without furadan under iden-
tical conditions. Bioassay test was carried out for a period of
96 h under static condition.The LC 50 determination was carried
out by the probit analysis method of Finney (1978). Dead fish
were removed immediately. Behavioural changes and clinical
toxic signs were closely followed up and recorded daily.
2.4. Sublethal toxicity
For sublethal toxicity study we choose 1/5th of 96 h LC 50 of
furadan (8.730 mg L−1; Treatment I) and 1/10th of 96 h LC 50 of
furadan (4.365 mg L−1; Treatment II). One hundred fish were
exposed to each treatment in a glass aquarium filled with water.
A toxicant free (Control) group was maintained simultane-
ously. Three replicates were also maintained for control,
Treatments I and II. The test was renewed at the end of 24 h
and freshly prepared toxicant was added to maintain the con-
centration of furadan at a constant level. At the end of 24, 48,
72 and 96 h, 20 fish were randomly selected from control and
furadan treated groups for the analysis. No mortality was ob-
served during the above treatment period.
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2.5. Recovery assessment
After exposure to Treatments I and II for a period of 96 h, fish
were transferred to furadan free water for recovery studies. At
the end of 96 h suitable number of fish (20 fish from each
aquarium) was collected for the abovementioned assays. The
water quality parameters were monitored and maintained as
that of the acclimation period.
2.6. Haematological studies
Cardiac blood was collected in pre-chilled and heparinized sy-
ringes and expelled into separate heparinized plastic vials. One
aliquot of the collected blood sample was used for the esti-
mation of Hb and Hct value and also for RBC andWBC counts.
Hb content was estimated by cyanmethaemoglobin method
(Dacie and Lewis, 1968).To 0.02 mL of blood 5.0 mL of Drabkin’s
solution was added, mixed well and allowed to stand at room
temperature for 5 minutes and the absorbance was mea-
sured at 540 nm using UV Spectrophotometer. Hct was
determined by the microhaematocrit method of Nelson and
Morris (1989) using microhaematocrit heparinized capillary
tubes and amicrohaematocrit reader and the haematocrit value
was expressed in percentage. RBC and WBC counts were cal-
culated using haemocytometer (Rusia and Sood, 1992).
Erythrocyte indices like MCV, MCH and MCHC were calcu-
lated using standard formulas (Dacie and Lewis, 1968) and are
as follows.
MCV fl Hct RBC count in millions mm( ) = ( ) ×% 3 10
MCH pg Hb g dl RBC count in millions mm( ) = ( ) ×3 10
MCHC g dl Hb g dl Hct( ) = ( ) ( ) ×% 100
2.7. Biochemical studies
For the determination of glucose and protein levels, the re-
maining blood samples were centrifuged at 9392 g, at 4 °C for
20 min to separate the plasma. Plasma glucose was mea-
sured following O-Toluidine method of Cooper and McDaniel
(1970) using diagnostic reagent kit. The optical density (OD) of
the samples were measured at 630 nm in a UV Spectropho-
tometer within 30 min and expressed as mg/100 mL. Plasma
protein was estimated following the method of Lowry et al.
(1951) using bovine serum albumin as standard.The colour in-
tensity was read at 720 nm in a UV Spectrophotometer and
expressed as μg/mL.
2.8. Enzymological studies
For the estimation of enzyme (GOT and GPT) activity, 100 mg
of gill, liver and kidney from the control and furadan treated
groups were weighed and homogenized with 0.25 M sucrose
solution in ice cold condition (Hogeboom et al., 1948) and cen-
trifuged at 4307 g for 20 min at 4 °C and the supernatant was
used as an enzymatic source. GOT and GPT activity was esti-
mated by themethod of Reitmen and Frankel (1957).The optical
density was measured at 505 nm in a UV Spectrophotometer.
Simultaneously, a standard curve was also run and the values
were interpreted in the standard curve and the enzyme ac-
tivity was expressed as IU/L.
2.9. Statistical analysis
All the data were analysed statistically at P < 0.05.To test their
significance the t values were calculated between control and
furadan exposed group’s value by Student’s t-test.
Fig. 1 – Changes in the Hb content of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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3. Results
In the present study, the 96 h LC 50 value (95% confidence limits)
of furadan to the fish fingerlings C. carpio was found to be
43.651 mg L−1. The Chi-square test on the toxicity data indi-
cates that the fish population used for the experiments was
homogeneous. During the study period, behavioural changes
such as profuse mucus production, erratic movement, wide
open operculum, swimming in a slanting angle and jerking
movement were observed in both the furadan treated groups.
The Hb content of fish fingerlings exposed to furadan for
Treatments I and II was significantly (P < 0.05) decreased in re-
lation to the control groups (Fig. 1). Similarly, Hct content of
the furadan treated fish was decreased throughout the study
period (P < 0.05) (Fig. 2). In both the treatments (Treatments I
and II) a maximum per cent decrease of Hb and Hct was noted
at the end of 96 h exposure period. However in recovery period,
Hb and Hct levels were found to be increased in both the treat-
ments when compared to control groups. Fish exposed to
furadan showed a significant decrease in RBC count (P < 0.05)
throughout the study period in both the treatments when
Fig. 2 – Changes in the Hct content of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 3 – Changes in the RBC count of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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compared with control groups (Fig. 3). Likewise in recovery
period also, the RBC count was decreased in both the treat-
ments.TheWBC count was significantly increased (P < 0.05) in
Treatment I, Treatment II and recovery period when com-
pared to that of their control groups (Fig. 4). However, the value
obtained in Treatment I of recovery period was not signifi-
cant when compared to control groups.
A biphasic trend in MCV and MCH value was observed in
Treatment I (Figs. 5 and 6). However in Treatment II, MCV and
MCH value was significantly increased (P < 0.05) throughout
the study period. When fish were transferred to furadan free
water, MCV and MCH value was found to be increased in
both the treatments when compared with the control groups.
Likewise, a biphasic trend in MCHC value was noted in both
the treatments (Fig. 7). However, the decrease in MCHC value
at the end of 48 and 96 h and during recovery period was
found to be not significant when compared with the control
group.
Plasma glucose level was significantly (except at the end
of 24 h inTreatment I) elevated (P < 0.05) in furadan treated fish
in both the treatments when compared with their respective
controls (Fig. 8). The elevation in plasma glucose level was di-
rectly proportional to the exposure period showing a per cent
increase of 22.63 and 24.01 at the end of 96 h in Treatments I
and II, respectively. However, during recovery period, plasma
glucose level was significantly decreased (P < 0.05) in both the
treatments. Furadan treated fish showed a continuous decline
in plasma protein level under study period in both the treat-
ments and also during recovery period (Fig. 9). All the values
were significant (P < 0.05) as compared with the control group.
Fig. 4 – Changes in the WBC count of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 5 – Changes in the MCV value of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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Fish exposed to furadan showed a significant decrease in
GOT (P < 0.05) activity in gill, liver and kidney (except at the
end of 96 h inTreatment I) throughout the study period in both
the treatments when compared with the control groups
(Figs. 10–12). During recovery period also, GOT activity was found
to be decreased in both the treatments. A significant in-
crease (P < 0.05) in gill GPT activity was noted in Treatment I
at the end of 24 h and then declined in the rest of the study
period (Fig. 13). In liver a biphasic trend was noted in Treat-
ment I (Fig. 14). However in Treatment II, GPT activity was
decreased throughout the study period registering a direct re-
lationship with the exposure period. In kidney, GPT activity was
increased inTreatment I (Fig. 15). However, inTreatment II, GPT
activity was decreased throughout the study period. During re-
covery period, GPT activity was found to be significantly
increased (P < 0.05) in liver and kidney whereas in gill the GPT
activity was decreased in both the treatments.
4. Discussion
The poisoning by pollutants through run-off water from ag-
ricultural fields has resulted in a series of toxicological and
Fig. 6 – Changes in the MCH value of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 7 – Changes in the MCHC value of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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environmental problems (Akpomie and Dawodu, 2015). In toxi-
cological assays, exposure of organisms to certain doses and
periods at acute and sublethal concentrations provides better
understanding of the dangerous levels of chemicals (Lemly,
2002). In the present investigation, the 96 h LC 50 value of
furadan to the fish fingerlings C. carpio was found to be
43.651 mg L−1 indicating that furadan is moderately toxic to the
fish. In organisms, the rapid metabolism of carbofuran pesti-
cides occurs through the Phase I and Phase II P 450 systems
and by conjugation with a range of substrates like glutathi-
one, glucuronic acid, glutamic acid and glycine, which results
in the excretion of more polar metabolites (Hayes, 1982;
Hodgson et al., 1991; Otieno et al., 2010). The main polar me-
tabolites such as 3-hydroxycarbofuran and 3-ketocarbofuran
are found to be toxic to target and non-target organisms
(Hassall, 1990; Ecobichon, 1993; USEPA, 2007; Pessoa et al., 2011;
Lalah et al., 2001; Tennakoon et al., 2009). The mortality of fish
observed during LC 50 determination may be due to inhibi-
tion of cholinesterase by the furadan which may lead to
respiratory paralysis, anoxia and finally death.
In toxicological research, biomarkers are widely used as early
diagnostic tools of adverse effects caused by chemical aggres-
sion (Parkin and Shelton, 1994). Several studies have used
haematology as a biomarker of pesticide exposure and also to
monitor the interaction between a toxicant and biological
system (DaCuna et al., 2011). Generally, a decrease in non-
specific immunity of the fish due to pesticide exposure leads
to alterations in haematological parameters (Svoboda et al.,
2001). Furthermore, the decrease in the haematological pa-
rameters might have resulted from disruptive action of the
pesticides on the membranes and cell viability (Hii et al., 2007;
Koprucu et al., 2006). Lysing or shrinkage of erythrocytes due
Fig. 8 – Alteration in the plasma glucose level of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 9 – Alteration in the plasma protein level of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I and
4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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to pesticide action on the erythropoietic tissue may lead to a
reduction in haemoglobin and haematocrit (Saravanan et al.,
2011).The decrease in Hb and Hct value and RBC counts in both
the treatments indicates a non-specific immunity of the fish
to the insecticide furadan. In addition, the decrease in Hb and
Hct value and RBC counts indicates defensive reaction against
pesticide stress (Narra, 2016). WBCs act as an immune re-
sponse of infections and chemical irritants in fish.The observed
elevation ofWBC count in Treatments I and II indicates a pro-
tective mechanism against furadan toxicity or the activation
of immune system tomanage the fish against the stress caused
by furadan. Joshi et al. (2002) pointed out that an increase in
antibody production may also lead to an elevation of WBC
counts which helps in survival and recovery of fish exposed
to pesticides.
The observed increase in MCV and MCH in both the treat-
ments indicates swelling of RBCs.Moreover, the release of large
red blood cells into the circulation may also lead to an
increase in MCV and MCH value (Hardig and Hoglund, 1983;
Wepener et al., 1992). However, the decrease in MCV and MCH
value in Treatment I may be due to high percentage of imma-
ture RBCs in the circulation (Saravanan et al., 2011).The observed
low concentration of MCHC indicates a decrease in Hb syn-
thesis due to toxic action of furadan. However, the significant
increase ofMCHCmay be due to sphaerocytosis (Sobecka, 2001).
During recovery periodHb,Hct,WBC,MCV andMCH levelswere
increased whereas RBC count was decreased when compared
to control groups indicating impaired osmoregulation caused
by the insecticide furadan. The MCHC value was found to be
more or less near to control groups. In contrast to the present
study, a significant recovery of the haematological param-
eters was noted in fish Labeo rohita exposed to cypermethrin
and carbofuran (Adhikari et al., 2004).The authors also pointed
out that the improvement in blood parameters of fish when
transferred to pesticide-free freshwater indicates that pesti-
cides entering into the system are slowly eliminated.
Fig. 10 – Changes in the GOT activity in the gill of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I
and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 11 – Changes in the GOT activity in the liver of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I
and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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Evaluation of the biochemical parameters in aquatic or-
ganisms are widely used to monitor the pollutants and their
impact on the health conditions. Moreover, biochemical pa-
rameters can serve as markers for toxicant exposure and effects
in fish (Vutukuru, 2003). Among the biochemical parameters,
plasma glucose and protein are extensively used to assess the
impacts/stress stimulated by environmental contaminants
(El-Sayed et al., 2007; Lavanya et al., 2011). Stress condition may
elicit rapid secretion of glucocorticoids and catecholamines from
adrenal tissue of the fish and the resulting hyperglycaemia has
been described as a primary response to most stressors
(Donaldson, 1981).According to Banaee et al. (2011) and DaCuna
et al. (2011) hyperglycaemia is a state at which fish respond
physiologically to manage the new energetic demand created
by the toxicant. In the present investigation the elevation in
plasma glucose level in Treatments I and II indicates a dis-
rupted carbohydrate metabolism. Moreover, the elevation of
plasma glucose level may be due to gluconeogenesis to provide
energy for the increased metabolic demands imposed by the
insecticide furadan. Fish under stress condition may also mo-
bilize protein tomeet energy demand and tomaintain increased
physiological activity (Martinez et al., 2004; Narra, 2016). The
significant decrease in plasma protein level in both the treat-
ments might have been due to impaired protein synthesis due
to liver disorder. The liver is one of the main target organs for
the accumulation of pesticides. The decrease in glucose level
of fish during recovery period indicates the necessity and role
of glucose under normal and stressed state of fish.
Enzymes such as GOT and GPT are considered as useful
biomarkers to determine cellular impairment and cell rupture
(Malarvizhi et al., 2012). In the present study the decrease in
GOT activity in gill, liver and kidney indicates disturbance in
the structure and integrity of cell organelles. Furthermore, lib-
eration of intercellular enzymes, inactive intermediarymetabolic
Fig. 12 – Changes in the GOT activity in the kidney of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment
I and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5), *Significant, at 5%, (based on t test).
Fig. 13 – Changes in the GPT activity in the gill of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I
and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
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processes, transamination and oxidative deamination, changes
in integrity of endoplasmic reticulum and membrane trans-
port system under stress condition may also lead to a decrease
in GOT and GPT activity (Begum, 2004; Mohamed and Gad, 2008).
A decline in GOT and GPT activity in various organs (gill, liver
and kidney) was also noted in Clarias gariepinus exposed to
cypermethrin (Gabriel et al., 2012) and in Oreochromis
mossambicus exposed to monocrotophos (Rao, 2006). However,
the observed increase in GPT activity in gill, liver and kidney
signifies that the fish tries to mitigate the pesticide furadan
induced stress by increased rate of metabolism as suggested
by Malarvizhi et al. (2012).The elevation in GPT activity in liver
eel tissue during propanil stress indicates the existence of heavy
drain onmetabolites to provide intermediates to the Krebs cycle.
Any alteration in these intracellular enzymesmay cause serious
changes in protein-carbohydrate metabolism in fish (Sancho
et al., 2009).
Transferring fish from furadan contaminated water to
normal water, GOT activity in gill, liver and kidney of fish was
found to be decreased as compared to that of control groups.
However, a significant decrease in GPT activity was noted only
in gill, whereas in liver and kidney the GPT activity was in-
creased when compared to control groups during the recovery
period. A similar observation was also noted in fish Anguilla
anguilla exposed to propanil herbicide (Philip et al., 1995), in
O. mossambicus exposed to a novel organophosphate (OP) in-
secticide, 2-butenoic acid-3-(diethoxyphosphinothioyl) methyl
ester (RPR-II) (Rao, 2006) and in Clarias batrachus exposed to
cypermethrin (Begum, 2005). The alterations of these enzy-
matic parameters in organs/tissue during recovery period
indicate that the recovery period (96 h) is not sufficient for the
fish to restore the parameters at normal level. The moderate
recovery of some haematological, biochemical and
enzymological parameters during recovery period might have
Fig. 14 – Changes in the GPT activity in the liver of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment I
and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
Fig. 15 – Changes in the GPT activity in the kidney of C. carpio exposed to sublethal concentrations (8.730 mg L−1, Treatment
I and 4.365 mg L−1, Treatment II) of furadan for 96 h and its recovery response after 96 h in normal water. Data represent
mean ± SE (n = 5). *Significant at 5% (based on t test).
323b en i - s u e f un i v e r s i t y j o u rna l o f b a s i c and a p p l i e d s c i e n c e s 4 ( 2 0 1 5 ) 3 1 4 – 3 2 6
resulted from adaptation of fish to toxic stress. However, a
longer recovery period was necessary to tolerate the stress and
to maintain the normal physiology.
5. Conclusions
Results of the present investigation indicate that administra-
tion of sublethal concentration of furadan is toxic to fish and
caused alterations in the haematological, biochemical and
enzymological parameters of fish.The alterations of these pa-
rameters may provide an early warning signal for the
determination of toxic level of pesticides and their effects in
aquatic organisms. In addition,multiple biomarker assays using
both blood and organ/tissue biochemistry may provide better
understanding of the effect of pesticides in aquatic
environment.
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